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Introduction
Quantitative mineral resource assessment, as developed by the U.S. Geological Survey (USGS), consists of three parts: (1) development of grade and tonnage mineral deposit models; (2) delineation of tracts permissive for each deposit type; and (3) probabilistic estimation of the numbers of undiscovered deposits for each deposit type (Singer and Menzie, 2010) . The estimate of the number of undiscovered deposits at different levels of probability is the input to the EMINERS (Economic Mineral Resource Simulator) program.
EMINERS uses a Monte Carlo statistical process to combine probabilistic estimates of undiscovered mineral deposits with models of mineral deposit grade and tonnage to estimate mineral resources. It is based upon a simulation program developed by Root and others (1992) , who discussed many of the methods and algorithms of the program. Various versions of the original program (called "MARK3" and developed by David H. Root, William A. Scott, and Lawrence J. Drew of the USGS) have been published (Root, Scott, and Selner, 1996; Duval, 2000 Duval, , 2012 .
The current version (3.0) of the EMINERS program is available as USGS Open-File Report 2004-1344 (Duval, 2012) . Changes from version 2.0 include updating 87 grade and tonnage models, designing new templates to produce graphs showing cumulative distribution and summary tables, and disabling economic filters. The economic filters were disabled because embedded data for costs of labor and materials, mining techniques, and beneficiation methods are out of date. However, the cost algorithms used in the disabled economic filters are still in the program and available for reference for mining methods and milling techniques included in Camm (1991) .
EMINERS is written in C++ and depends upon the Microsoft Visual C++ 6.0 programming environment. The code depends heavily on the use of Microsoft Foundation Classes (MFC) for implementation of the Windows interface. The program works only on Microsoft Windows XP or newer personal computers. It does not work on Macintosh computers.
This report demonstrates how to execute EMINERS software using default settings and existing deposit models. Many options are available when setting up the simulation. Information and explanations addressing these optional parameters can be found in the EMINERS Help files. Help files are available during execution of EMINERS by selecting EMINERS Help from the pull-down menu under Help on the EMINERS menu bar.
There are four sections in this report. Part I describes the installation, setup, and application of the EMINERS program, and Part II illustrates how to interpret the text file that is produced. Part III describes the creation of tables and graphs by use of the provided Excel templates. Part IV summarizes grade and tonnage models used in version 3.0 of EMINERS.
Part I. Installation, Setup, and Application

Installation and Setup
The EMINERS program can be used only on a Windows-based platform. 
EMINERS Application
To execute EMINERS, double click on the file EMINERS.EXE to launch the application. When this program is executed for the first time or when the locations of the EMINERS program and files are unfamiliar (for example, they are running from a compact disc), a window stating, "Unable to open EMINERS initialization file!" will appear.
1. Click OK. 2. The window "Please locate the EMINERS configuration file (ModlData.txt)" appears.
Navigate to the disk drive and then to the folder that contains the EMINERS configuration file (ModlData.txt). This step is necessary because the user may have copied these program files to various disk drives and file locations.
4. Under Actions in the menu bar in the window "Eminers -Eminers1," select the option Setup Simulation Parameters from the pull-down menu. a. Enter an integer value for each level; you can use the TAB key to move through all data entry fields. Click on the Help button for more information. b. In most cases, accept the default value of -1 in the What is the Probability of Zero Deposits? box. The value of -1 allows the program to calculate the default probability of zero deposits. This calculation is dependent upon the input distribution and results in a nonzero value for the probability of zero deposits. If you are unsure about this option, enter a value of -1 and allow the program to calculate the probability of zero deposits. c. Click OK. 9. The window "Open" appears. At this point, the location of the grade and tonnage input files in the Models-Input folder must be identified.
a. Double click on the Models-Input folder. b. Click Open. 10. The window "Locate Directory for CSV files and CLICK OK." opens:
a. Navigate to the folder where the output files are to be saved; for example, the folder EMINERS Output that was created during the installation and setup. This folder can be used to store graphical output and tables. b. Do not change the file name or file type in this box. The default file name 'x' is automatically replaced by a new name generated by the software composed of the assessment area name, a model number, and a three-digit number with the form "AAAA_Modelnnn_Excell000.csv" where AAAA is the name chosen for the assessment area, and "nnn" will be the number of the deposit model used by EMINERS (for example, 039). c. Click OPEN (which actually means "save") to save the .csv file. 11. EMINERS executes, and the results are displayed in the window "Eminer1."
This output shows the initial data entered into EMINERS and the results of the Monte Carlo simulation, which include calculated probabilistic ranges of estimated values for commodity endowments and deposit tonnage with estimated mean values for each range, and an estimate of the mean number of undiscovered deposits. An explanation of how to read and understand this file can be found in next section of this report.
12. Under the File pull-down menu, click Save in the menu bar to open the window "Save As." a. In the Save In: message box, browse to the EMINERS Output folder created earlier, and change the name of the file from "Eminer1.emr" to a unique name. We suggest using the assessment area tract name. The results of the simulation will be stored in a text file with the .emr extension.
b. Click Save. Files saved to the EMINERS Output folder include those listed in the image below:
You can print the results of this window by selecting File>Print. If you have Adobe Acrobat installed, you can create a PDF file of this output by selecting Adobe PDF as your printer.
If you want to view these results again after closing the "Eminer1" window, navigate to the folder containing the .emr file saved from this simulation and use Open to open the .emr file using either Wordpad or Microsoft Word.
Part II. Understanding an EMINERS Output File
This chapter is designed to familiarize the user with the content of the EMINERS (.emr) output file. A single set of deposit estimates and a single type of deposit model are used. The resulting output report contains (1) a series of statistical summaries for each commodity and deposit tonnage included in the deposit model and (2) the expected mean number of deposits.
For illustrative purposes, only the first page of what would be a multipage output report is shown. The report contains two basic types of output, which are outlined in red in the following xample: "Input Parameters Box" and "Simulation Results Box." Each report contains a single set of input parameters, which appear in the Input Parameters Box, followed by from two to eight sets of simulation results, which appear in the Simulation Results Box. There will be one set of simulation results for each commodity, and one for deposit tonnage. An explanation of the EMINERS results can also be found in the EMINERS program Help file (Help/EMINERS Help/Discussion of the EMINERS program/Table of Contents/How to…./Interpret the Results).
Input Parameters Box-contains a tabulation of input values that are provided by the user at the program interface at the start of a run. The numbers given below correspond to the red numerals enclosed in circles on the sample report.
1. Name of the person supplying the input data and performing the run. 2. Unique name for the assessment area. 3. Date and time stamp indicating when the EMINERS run was performed. 4. Number (1, in this example) indicates the number of models in the run, if multiple models are being run. Runs utilizing the supplied templates to create graphs and tables are limited to the use of only one model; this value will always remain 1. 5. Number (39, in this example) assigned to the deposit model in the EMINERS deposit model list (see table 1 ). 6. Identifies the method (empirical versus lognormal) used to approximate grade and tonnage values in the deposit models. See the EMINERS Help file for more detail on the empirical method. 7. A four-character code that is available to the user to further identify a tract being run. The default value QQ01 appears unless the user deletes or replaces the value. 8. The value for the probability of zero deposits can be equal to -1 or 0 or can be in the range of 0 to 1.0. 9. Deposit model number (039, in this example) and model name and year (Porphyry Cu alldeposit-types 2008, in this example). 10. Lists the undiscovered deposit estimate set (0, 2, 6, in this example) at the 90%, 50%, and 10% probability levels and the grade and tonnage model data approximation method (empirical or lognormal) used in a run. 11. Random number generated by the program that was used in the Monte Carlo simulation of EMINERS. Simulation Results Box-contains summary statistical information that characterizes the 4,999-member simulation population that EMINERS generates during a run. An output file contains simulation results for each commodity in a deposit model. The underlying assumption is that the randomly simulated deposits constitute a representative sample of all possible results. For each commodity, the report contains the following items:
12. Header identifying the commodity (Cu, in this example) to which the statistical summary applies. 13. The results of the simulation calculations are provided in the form of tables of numbers, where the amounts (Amt.) have been ordered from the smallest to the largest values. The three columns under the general heading "Unconditional" refer to the unconditional probability that includes the possibility that no deposits may exist in the area of interest. The three columns under the heading "Conditional" refer to the probability of a given amount of copper given the condition that one or more deposits actually exist. 14. The tables contain 3 columns of values, and 21 values. Total endowment simulation amounts are sorted by size from smallest to largest. The values are displayed from the smallest amounts of the distribution, and at an Index value interval of 250 (5 percentiles). Because these tables are the result of 4,999 separate simulations, the ordered data can be interpreted in terms of probabilities. For example, the 90th percentile is represented by a Prob = 0.9000 and an Index of 500; the 50th percentile by a Prob=0.4999 and an Index of 2500 (with a value in this example of 3.8 million metric tons or more of copper); and the 10th percentile by a Prob=0.0998 with an Index of 4500 (with a value in this example of 25 million metric tons or more of copper). Values in the Unconditional table are used in the templates to construct the curves in the Cumulative Distribution Graph figure (see Part III). 15. The expected mean endowments associated with the two simulation distributions. A probability for the mean is obtained by using interpolation to determine the index value of the simulation run that falls closest in value to that of the mean. 16. Table listing the number of deposit scenarios simulated (N =), the number of times that each scenario was actually simulated (Freq(N) =), and the theoretical probability EMINERS assigned to each scenario (Prob(N) =). During execution, EMINERS applies a default distribution to the set of deposit estimate values provided by the assessment team to obtain theoretical probabilities for each deposit scenario ranging from 0 to a value equal to the largest value in a deposit estimate set. In the example, endowment simulations were run using 0 through 6 deposits and the default probabilities assigned were 0.2, 0.2, 0.15, 0.1, 0.1, 0.1, and 0.15. For more detail on the assignment of default probabilities, see Root and others (1992) . 17. Number of simulations run where a 0 deposit scenario was used; used to calculate probability of having no endowment. In the example, there is a 0.2 probability that there is no copper endowment present. 18. Mean number of undiscovered deposits estimated to be present in the assessment tract.
Part III. Creation of Tables and Graphs by Use of Excel Templates
As demonstrated in Part I, the output files resulting from running the EMINERS program are a text file (x.emr) and an Excel file (x.csv). Part II explains how to read the x.emr file to examine the tabular simulation results for metal and rock endowments and mean number of undiscovered deposits from EMINERS. This section demonstrates use of the Excel file (x.csv) to supply input to Microsoft Excel templates that create graphics and tables suitable for publication.
Templates are available to report results for one to seven mineral commodities. To select the correct template, the user can count the number of metals listed in the x.emr file or check This demonstration uses the four-metal template:
4. If the DataPage worksheet is not visible, scroll left and select it. 5. Click in cell A1 if it is not already selected. 6. Right click in cell A1, select Paste. Embedded formulae in the DataPage worksheet and other worksheets will automatically fill most of the remaining data cells and create the tables and chart. Limited additional user input is required and is discussed both below and in text blocks on the individual worksheets.
Graphs and Tables Available in the Templates
Click on TAB CumDist Grph.
The user must confirm that all the endowment curves are fully displayed. The preset scale range for the "Material" axis will accommodate a broad range of endowment estimates. If the curves are truncated at the high or low ends of the scale range, the range must be modified. Instructions for modifying the scale range settings and the scale annotation are posted in a message box in the worksheet adjacent to the graph. The graph scale can be modified only in Excel.
A recommended procedure to use to import the graph into a Word document is also posted in the worksheet. The graph can also be exported as a .pdf file, which will require clipping.
Click on TAB Deposits.
Embedded formulae automatically fill most cells with values and insert the tract name in the table title. In cases where a three-tier approach is used to estimate undiscovered deposits, values are inserted automatically in the N05 and N01 cells, which are equal to the value appearing in the N10 cell.
Before the table is ready for export, the user must insert values in cell J2 (N known ) and A12 (tract area, in km 2 ). A recommended procedure to use to export the table to a Word document is posted in the worksheet.
As an option, a table is also provided in which the names and estimates of individual assessors can be reported. The table structure requires minor modification (addition of rows) to accommodate the names of all assessors and the consensus estimate.
Click on TAB Resources.
Embedded formulae automatically fill all cells with values and insert the tract name in the table title.
Part IV. Grade and Tonnage Models
The grade and tonnage models used in version 3.0 of EMINERS are listed in table 1. 
